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ABSTRACT
Observations of AGNs and microquasars by ASCA, RXTE, Chandra and XMM-
Newton indicate the existence of wide X-ray emission lines of heavy ionized elements
in their spectra. The emission can arise in the inner parts of accretion discs where
the effects of General Relativity (GR) must be counted, moreover such effects can
dominate. We describe a procedure to estimate an upper limit of the magnetic fields
in the regions where X-ray photons are emitted. We simulate typical profiles of the
iron Kα line in the presence of a magnetic field and compare them with observational
data. As an illustration we find H < 1010−1011 Gs for Seyfert galaxy MCG–6–30–15.
Using the perspective facilities of measurement devices (e.g. Constellation-X mission)
a better resolution of the blue peak structure of iron Kα line will allow to find the
value of the magnetic fields if the latter are high enough.
Key words: Black hole, Zeeman effect, Seyfert galaxies: MCG–6–30–15.
1 INTRODUCTION
Recent ASCA, RXTE, Chandra and XMM-Newton obser-
vations of Seyfert galaxies demonstrated the existence of
the wide iron Kα line (6.4 keV) in their spectra along
with a number of other weaker lines (Ne X, Si XIII,XIV,
S XIV-XVI, Ar XVII,XVIII, Ca XIX, etc.) (see for exam-
ple, ????????)).
Magnetic elds play a key role in dynamics of accretion
discs and jet formation. ??) considered a scenario to gener-
ate superstrong magnetic elds near black holes. According
to their results magnetic elds near the marginally stable
orbit could be about H  1010 − 1011 Gs. ????) considered
a generation of synchrotron radiation, acceleration of e+/−
pairs and cosmic rays in magnetospheres of supermassive
black holes. It is magnetic eld, which plays a key role in
these models. Below, based on the analysis of iron Kα line
prole in the presence of a strong magnetic eld, we describe
how to detect the eld itself or at least obtain an upper limit
of the magnetic eld.
For cases when the spectral resolution is good enough
the emission spectral line demonstrates typical two-peak
prole with the high "blue" peak, the low "red" peak and
the long "red" wing which drops gradually to the back-
ground level (??)). The Doppler line width corresponds
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to the velocity of the matter motion of tens of thousands
kilometers per second 1, e.g. the maximum value is about
v  80000 − 100000 km/s for the galaxy MCG{6{30{15
(??)) and v  48000 km/s for MCG{5{23{16 (?)). For both
galaxies the line proles are known rather well. ?) analyzed
results of long-time observations of MCG-6-30-15 galaxy us-
ing XMM-Newton and BeppoSAX. The long monitoring con-
rmed the qualitative conclusions about the features of the
Fe Kα line, which were discovered by ASCA satellite. ?)
discussed the essential importance of ASCA calibrating and
the reliability of obtained results. ?) compared ASCA results
with RXTE and Chandra observations for the MCG-6-30-
15. ???) analyzed in detail the variability in continuum and
in Fe Kα line for the MCG-6-30-15 galaxy.
The phenomena of the broad emission lines are sup-
posed to be related with accreting matter around black
holes. ???) proposed physical models of accretion discs for
the MCG-6-30-15 galaxy and their influence on the Fe Kα
line shape. ?) found the features of the spectral line near
7 keV in Seyfert galaxies using data from XMM-Newton
satellite. ?) presented results of Chandra HETG observa-
tions of Seyfert I galaxies. ?) discussed possible identica-
tion of binary massive black holes analyzing Fe Kα shape.
?) estimated abundance of the iron using the data of X-ray
observations. ??) discussed an influence of microlensing on
the distortion of spectral lines including Fe Kα line, that
1 Note that the measured line shape differs essentially from the
Doppler one.
c© 0000 RAS
can be signicant in some cases. ?) analyzed an influence of
Compton eect on the Fe Kα shape for emitted and reflected
spectra. ?) proposed a procedure to estimate the masses for
supermassive black holes. ?) presented a possible scenario
for evolution of such supermassive black holes.
A general status of black holes is described in a num-
ber of papers (see, e.g. ?) and references therein, ??)). Since
the matter motions indicate very high rotational velocities,
one can assume the Kα line emission arises in the inner re-
gions of accretion discs at distances  (1  3) rg from the
black holes. Let us recall that the innermost stable circular
for non-rotational black hole (which has the Schwarzschild
metric) is located at the distance 3 rg from the black hole
singularity. Therefore, a rotation of black hole could be the
most essential factor. A possibility to observe the matter
motion in so strong gravitational elds could give a chance
not only to check general relativity predictions and simulate
physical conditions in accretion discs, but investigate also
observational manifestations of such astrophysical phenom-
ena like jets (??), some instabilities like Rossby waves (?)
and gravitational radiation.
Wide spectral lines are considered to be formed by ra-
diation emitted in the vicinity of black holes. If there are
strong magnetic elds near black holes these lines are split
by the eld into several components. This phenomenon is
discussed below. Such lines have been found in microquasars,
GRBs and other similar objects (?????????).
Observations and theoretical interpretations of wide X-
ray lines (particularly, the iron Kα line) in AGNs are ac-
tively discussed in a number of papers (?????????). The
results of numerical simulations in framework of dierent
physical assumptions on the origin of the wide emissive iron
Kα line in the nuclei of Seyfert galaxies are presented in pa-
pers (??????????). The results of Fe Kα line observations
and their possible interpretation are summarized by ?).
To obtain an estimation of the magnetic eld we sim-
ulate the formation of the line prole for dierent values of
magnetic eld. As a result we nd the minimal B value at
which the distortion of the line prole becomes signicant.
We use here an approach, which is based on numerical sim-
ulations of trajectories of the photons emitted by a hot ring
moving along a circular geodesics near black hole, described
earlier by ????).
2 MAGNETIC FIELDS IN ACCRETION DISCS
One of the basic problems to understand the physics of
quasars and microquasars is the "central engine" in these
systems, in particular, a physical mechanism to accelerate
charged particles and generate high energetic electromag-
netic radiation near black holes. The construction of such
"central engine" without magnetic elds could hardly ever
be possible. On the other hand magnetic elds give a possi-
bility to extract energy from rotational black holes via Pen-
rose process and Blandford { Znajek mechanism, as it was
shown in hydrodynamical simulations by ??). The Blandford
{ Znajek process could provide huge energy release in AGNs
(for example, for MCG-6-30-15) and microquasars when the
magnetic eld is strong enough (?).
Physical aspects of generation and evolution of mag-
netic elds were considered in a set of reviews (e.g. ??)).
A number of papers conclude that in the vicinity of the
marginally stable orbit the magnetic elds could be high
enough (???).
?) considered an influence of magnetic elds on an ac-
cretion rate near the marginally stable orbit and hence on
the disc structure, they found the appropriate changes of
the emitting spectrum and solitary spectral lines. ?) investi-
gated the instabilities of accretion discs when the magnetic
elds play an important role.
3 PHOTON GEODESICS IN THE KERR
METRIC
Many astrophysical processes where large energy release is
observed, are supposed to be related with black holes. Since
a large fraction of astronomical objects, such as stars and
galaxies, exhibits proper rotation, then there are no doubts
that the black holes formed in their nuclei, both stellar
and supermassive, possess an intrinsic proper rotation. It is
known that stationary black holes are described by the Kerr
metric which has the following form in geometrical units
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sin2 θ dφ2 − 4Mra
ρ2
sin2 θ dφdt, (1)
where
ρ2 = r2 + a2 cos2 θ,
 = r2 − 2Mr + a2.
Constants M and a determine the black hole parameters:
M is its mass, a 2 (0, M) is its specic angular moment.










where Γikl are the Christoel symbols and λ is the ane
parameter. These equations can be simplied if we will use
the complete set of the rst integrals which were found by
?): E = pt is the particle energy at innity, Lz = pφ is the
projection of its angular momentum on the rotation axis,
m = (pip
i)1/2 is the particle mass and Q is the Carter sep-
aration constant:





m2 − E2 + L2z/ sin2 θ . (3)
The equations of photon motion (m = 0) can be reduced to
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the following system of ordinary dierential equations (??):
dt
dσ
= −a (a sin2 θ − ξ + r2 + a2

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r2 + a2 − ξa , (9)
where σ is an independent variable, η = Q/M2E2 and ξ =
Lz/ME are the Chandrasekhar’s constants (?) which should
be derived from initial conditions in the disc plane; t, r and
a are here the appropriate dimensionless variables (in the
mass units). The system (4)-(9) has two rst integrals,
1  r21 − r4 −
(
a2 − ξ2 − η r2 −
− 2 (a− ξ)2 + η r + a2η = 0, (10)







which can be used for the accuracy control of computation.
The additional variables r1 and θ1 reduce the Eqs. (5){
(8) to a non-singular form. Such kind representation allows
to avoid the integration diculties which usually appears
when the equations are written in standard form (??) for r
and θ coordinates.
A qualitative analysis of the geodesic equations showed
that types of photon motion can drastically change with
small changes of chosen geodesic parameters (??). There-
fore, the standard way where there is one equation for each
Boyer-Lindquist coordinate (reducing to calculation of the
elliptical integrals) can lead to large numerical errors (?).
The integration of Eqs. (4){(9) allows to avoid such problem
and realizes this process without essential numerical errors.
Solving Eqs. (4){(9) for monochromatic quanta emit-
ted by a hot ring rotating on circular geodesics at radius
r in the equatorial plane, we can obtain the ring spectrum
Iν(r, θ1) which is registered by a distant observer in the
position characterized by the angle θ1 = θ

r=1. The nu-
merical integration is performed using the Gear and Adams
methods (?) and the standard package realized by ???). We
obtain the entire disc spectrum by summation of sharp ring
spectra.
4 DISC RADIATION MODEL
To simulate the radiated spectrum it is necessary rst to
adopt some emission model. We assume that the source of
the emitting quanta is a narrow and thin disc (ring) rotating
in the equatorial plane of a Kerr black hole. For a = 0.01 the
marginally stable orbit lies at rms = 2.9836 rg, the dierence
from 3 rg (rg = 2M) is not important for our analysis. We
also assume that disc is opaque to radiation, so that a distant
observer situated on one disc side cannot register the quanta
emitted fron its another side.
For the sake of computational simplicity we suggest that
the spectral line is monochromatic in its co moving frame.
To approve this assumption one can argue that even at T =









appears to be much less than the Doppler line width associ-
ated with the disc rotation.
Note that we do not assume any particular model of
the accreting disc. As an illustration we determine the
dependence of disc temperature on the radial coordinate ac-
cording to the standard α-disc model (???). The radiation
intensity is, as usually, proportional to T 4.
The emission intensity of the ring at a given radius r
is proportional to the area of the ring. The area of emitting
ring of the width dr diers in the Schwarzschild metric from







Thus, the total flux density emitted by the disc and






where Jν(r, θ1) is obtained from the solution of equations
(4){(9), T (r) { from the appropriate dependence for α-disc
and dS { from Eq. (12).
The radiation pressure predominates in the innermost
part of the disc (a) while the gas pressure { in the middle (b).
The boundary rab between these two regions can be found




which we solve by an iteration procedure. In Eq.(14) we
have _m = _M/ _Mcr, where _Mcr = 3  10−8M/yr. Thus, for
α = 0.2, M = 108M and _m = 0.1 we have from Eq.(14)
rab  360 rg.
For simulation we assume that the emitting region lies
as whole in the innermost region of the disc (zone a). If this
condition is not satised, the prole of a spectral line be-
comes extremely complicated, so that it appears dicult to
avoid the uncertainty in interpretation. Thus, we assume
that emission arises in the region from rout = 10 rg to
rin = 3 rg and the emission is monochromatic in the co-
moving frame. Set the frequency of this emission as a unity
by convention.
5 INFLUENCE OF A MAGNETIC FIELD ON
THE DISTORTION OF THE IRON Kα LINE
PROFILE
The magnetic pressure at the inner edges of the accretion
discs and its correspondence with parameter a in the frame-
works of disc accretion models is discussed by ?). However,
the numerical value of magnetic eld is determined there
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